Abstract We report here a study on efficacy of sevelamer hydrochloride in treating hyperphosphatemia due to tumor lysis syndrome (TLS) in a developing world setting. Twenty one children with hyperphosphatemia due to TLS were included. All received hyper-hydration, allopurinol and sevelamer. Efficacy was assessed by decrease in serum phosphate level, calcium-phosphate product and TLS score as per Cairo Bishop definition. Four children who underwent dialysis were excluded from analysis. Among the remaining 17 patients with hyperphosphatemia, laboratory TLS was recorded in 15 patients and clinical TLS in five. Sevelamer was given according to weight, most often 400 mg twice to thrice daily. Mean phosphatemia decreased from 8.3 ± 3.0 to 6.7 ± 2.1 mg/dl within 24 h of starting sevelamer (p = 0.02), 6.0 ± 2.1 mg/dl at 48 h, 4.9 ± 1.5 mg/dl at 72 h and 4.39 ± 1.7 mg/dl at 96 h. TLS was corrected in 72 h in 14 patients, 96 h in 1 and 120 h in another patient. Mean calcium-phosphate product decreased from 63.0 ± 14.0 to 49.2 ± 9.7 mg/dl (p = 0.002) at 24 h, 46.1 ± 17.0 mg/dl at 48 h and 39.7 ± 13.5 mg/dl at 72 h. There was no mortality due to hyperphosphatemia. Sevelamer is efficacious in children with malignancy-associated hyperphosphatemia in the developing world.
Introduction
Tumour lysis syndrome (TLS) is a constellation of metabolic disturbances seen either spontaneously or after initiation of chemotherapy in patients with bulky, rapidly proliferating malignancies like leukaemia, lymphoma and some solid tumours [1] . Clinically, the syndrome is characterized by rapid development of hyperuricemia, hyperkalemia, hyperphosphatemia, hypocalcemia, and acute kidney injury (AKI) usually within 48-72 h after initiation of chemotherapy. These metabolic disturbances occur when large numbers of neoplastic cells are killed rapidly, leading to release of intracellular ions and metabolic by products into the systemic circulation .
Hyperphosphatemia as a part of TLS can occur spontaneously or after starting chemotherapy [1] . It along with other metabolic derangements can worsen with pre-existing volume depletion. Renal tubular deposition of phosphate along with calcium can lead to AKI. Prolonged hyperphosphatemia promotes metastatic calcification, an abnormal deposition of calcium phosphate in previously healthy connective tissues such as cardiac valves and in solid organs such as muscles [2] . The risk of calcium phosphate precipitation increases if calcium phosphorus product is above 72 mg/dl [3] .
Dietary phosphorus restriction and dialysis play important role in the management of hyperphosphatemia but additional support from phosphate-binding therapies is necessary. Other available treatment options include phosphorus sequestering metallic agents like aluminium hydroxide and calcium acetate. Both of these act by combining with dietary phosphate to form insoluble phosphate product, which is excreted in the stool. But there is a significant risk of neurological and renal toxicity in case of aluminum containing agents [4] and increased calcium load with calcium-containing phosphate binders [5] . The aim should be to correct hyperphosphatemia effectively and safely without increasing serum calcium levels and thus decreasing the risk of hypercalcemia. Metal-free, calcium-free phosphate binders have an important role in this regard.
Sevelamer hydrochloride is a metal free phosphate binder indicated for the control of serum phosphorus in patients with chronic kidney disease on dialysis. This polymeric amine is administered orally. By binding phosphate in the dietary tract and decreasing the absorption, it lowers the phosphate concentration in the serum [6] . In addition to effects on serum phosphate levels, sevelamer hydrochloride has been shown to bind bile acids in vitro and in vivo in experimental animal models.
Various studies have been done on use of sevelamer in chronic renal disease [5, 7] but there is limited data available on its use in children. The cut off values of hyperphosphatemia in children vary according to age [8] . TLS and hyperphosphatemia can lead to morbidity and mortality especially in the developing world setting [9] . There is a need for an agent which can perhaps lead to avoidance of dialysis for hyperphosphatemia and reduce cost and save lives. Sevelamer can possibly be that drug but data is lacking for its usage in this setting. A single study reports its use in treating hyperphosphatemia due to TLS in children [10] . We conducted a retrospective study to assess the efficacy and the role of sevelamer in safely treating hyperphosphatemia in children with haematological malignancies or solid tumours.
Patients and Methods
This retrospective study was conducted at Sir Ganga Ram Hospital, New Delhi, in pediatric oncology patients with hyperphosphatemia. Records of all children younger than 18 years who were started on chemotherapy for various malignancies from January 2007 to June 2010 were reviewed. All children with hyperphosphatemia at the time of presentation or after starting chemotherapy and treated with sevelamer were included. All were started on sevelamer after obtaining informed consent. Hyperphosphatemia was defined as serum phosphorus level higher than the upper limit as per age (Normal values are 3.8-6.5 mg/dl in 1-3 years of age, 3.7-5.6 in 4-11 years, 2.9-5.4 in 12-15 years, 2.7-4.7 in 16-19 years) [8] . Patients requiring dialysis were excluded.
TLS was defined as per Cairo Bishop scoring system [1] . Laboratory TLS (LTLS) is present if two or more serum values of uric acid, potassium, phosphorus are more than normal or calcium is less than normal at presentation or if they change by 25 % within 3 days before or 7 days after initiation of treatment. Clinical TLS (CTLS) requires the presence of LTLS in addition to one or more of the following significant clinical complications: renal insufficiency, cardiac arrhythmias, sudden death and seizures. Record was made of the dose, duration of treatment and simultaneous administration of other drugs such as allopurinol, calcium acetate and recombinant urate oxidase (Rasburicase). TLS was treated in all patients as per protocol (double maintenance fluids, diuretics, allopurinol or rasburicase and dialysis if needed). Side effects were also recorded in these patients. Serum phosphate, calcium phosphate product and TLS score were recorded at 0, 24, 48, 72 h from time of starting sevelamer (50 mg/kg/day rounded off to 200 mg which is tablet) and daily thereafter as required till the time the drug was stopped. Calcium phosphate product was calculated by multiplying calcium and phosphate values in mg/dl.
Statistical Analysis
Tests of normality were applied to confirm non-normality of continuous variables. Chi square test, Spearman correlation analysis and Mann-Whitney U test were used as applicable. Pre and post-sevelamer values of phosphorus and calcium-phosphorus product were compared by Mc Nemar test.
Results
A total of 260 patients diagnosed with various childhood malignancies were started on chemotherapy during the study period. Of these, 21 patients who developed hyperphosphatemia with or without TLS received sevelamer. Four out of 21 patients underwent dialysis during induction chemotherapy and were excluded from the efficacy study as efficacy of Sevelamer cannot be assessed if patient undergoes dialysis during sevelamer therapy. The remaining 17 patients are included in this report.
Underlying diagnoses were T cell acute lymphoblastic leukemia (ALL)/non-Hodgkin lymphoma (NHL) in four cases, pre-cursor B-cell ALL in four cases, Burkitt's lymphoma in three cases, acute myeloid leukemia (AML) in three cases, biphenotypic leukemia, diffuse large B-cell lymphoma (DLBCL) and stage IV neuroblastoma in 1 case each (Table 1) . Eleven patients were males and six were females with a median age of 6 years (range 3-16 years).
Hepatomegaly was present in 13 patients and splenomegaly in 9 patients. Median lactate dehydrogenase (LDH) at presentation was 677 IU/l (range 141-3,246). Median total leucocyte count (TLC) at presentation was 14,000/ml (range 1,800-248,000). There was no statistically significant association between organomegaly, LDH levels, elevated TLC and degree of TLS.
Laboratory TLS was recorded in 15 patients, including five with clinical TLS (Table 2) . Hyperphosphatemia was present in all 17 patients. Two patients received Rasburicase. Calcium acetate was given to 9 patients, but with no benefit. Sevelamer dose was given according to weight (50 mg/kg/day). Most children received 400 mg twice a day (Table 3) . Median duration of treatment was 4 days (range 2-10 days). Sevelamer was well tolerated by all children, without significant side effects. Two patients had minimal nausea and vomiting responding to routine antiemetics.
Mean phosphatemia decreased from 8.3 ± 3.0 to 6.7 ± 2.1 mg/dl within 24 h of starting sevelamer (p = 0.02), 6.0 ± 2.1 mg/dl at 48 h, 4.9 ± 1.5 mg/dl at 72 h and 4.39 ± 1.7 mg/dl at 96 h. Hyperphosphatemia was corrected within 24 h in 4 patients, at 48 h in 4 patients, at 72 h in 5 patients and at 96 h in 3 patients. In only one patient with Burkitt's lymphoma, TLS and hyperphosphatemia subsided on the 5th day, when further chemotherapy led to TLS recurrence and further correction of hyperphosphatemia within 5 days. TLS was corrected in 72 h in 14 patients, 96 h in 1 and 120 h in 1 patient. Mean calcium-phosphate product decreased from 63.0 ± 14.0 to 49.2 ± 9.7 mg/dl (p = 0.002) at 24 h, 46.1 ± 17.0 mg/dl at 48 h and 39.7 ± 13.5 mg/dl at 72 h (Table 2 ). There was no mortality due to hyperphosphatemia. One patient died of pulmonary hemorrhage within 48 h due to very low platelets, while phosphatemia and TLS were corrected after 24 h of sevelamer.
Discussion
In the developing world induction mortality is high for children with leukemia [9, 11] . Sepsis is major barrier to improving outcome but other factors like TLS and hyperphosphatemia add to both morbidity and mortality. Management of TLS is difficult in developing countries because of limited availability of Rasburicase, hemodialysis and lack of pediatric intensive care units to handle sick children with AKI and sepsis [12] Because of the rapidity with which TLS progresses and the seriousness of common clinical consequences such as AKI, TLS is associated with significant morbidity and potential mortality. Kulkarni et al. from India reported 6.8 % induction deaths due to TLS in children [9] .Hyperphosphatemia being an important component of TLS can further compromise the renal functions.
The management of hyperphosphatemia includes maintaining good hydration, avoiding urine alkalisation, dietary phosphate restriction and use of oral phosphate binders. Sevelamer is efficacious and safe in children with chronic renal failure. Mahdavi et al. mentioned that sevelamer can be effectively used to reduce serum phosphate concentration in children treated with dialysis [7] . Runowski et al. in their small study showed that sevelamer is CTLS clinical TLS score, LTLS laboratory TLS score, DLBCL diffuse large B cell lymphoma, ALL acute lymphoblastic leukemia, AML acute myeloid leukemia, K potassium, Ca calcium, Ph phosphate, UA uric acid, S serum a Normal for age also effective in treating resistant hyperphosphatemia in children with CKD along with correction of calcium phosphate product without affecting calcium concentration [13] . A randomised study comparing sevelamer with calcium acetate in children with CKD has shown that both the agents cause decrease in phosphate concentration [5] . But there is increased incidence of hypercalcemia with calcium acetate and increased metabolic acidosis with sevelamer. In our retrospective study we could not analyse metabolic acidosis although clinically none of the children developed such symptoms. The only study in children with hyperphosphatemia due to TLS by Abdullah et al. retrospectively includes 13 children [10] . Out of these two dialysed patients were excluded from efficacy analysis. The author has shown sevelamer to be efficacious and safe in children in their study. Our study on the efficacy of sevelamer in treating hyperphosphatemia due to TLS included 17 children with various malignancies. Eleven of our patients had significant hepatosplenomegaly, which was massive in one. Patients with massive organomegaly and high TLC have a high risk of developing TLS. TLS occurred in 11 patients after starting sevelamer which was managed symptomatically. Burkitt's lymphoma is an aggressive tumour and is very commonly associated with spontaneous TLS. Two out of five children in our study with Burkitt's lymphoma and TLS, required dialysis and were excluded from efficacy analysis, rest three were managed without dialysis. Rasburicase has an important role in management of aggressive tumours prone to TLS. The timely use of Rasburicase can prevent renal failure [14] . But in resource-poor countries like India, limited availability and high cost of Rasburicase hinders its free use. Non-availability and high cost of dialysis is also a big hurdle in managing patients with TLS [9] . Although without a control group, our study cannot conclude that dialysis can be avoided in such patients, it has shown that sevelamer is equally useful in aggressive tumours like Burkitt's lymphoma. Overall cost of treatment might decrease significantly with use of sevelamer as compared to dialysis.
Sevelamer has some limitations: big tablet size, higher cost of treatment than other phosphate binders and interference in action by agents like proton pump inhibitors [15] . Being a retrospective study, and without a control group it is difficult to comment on the role of sevelamer in decreasing phosphatemia beyond the contribution of other measures like hyper-hydration. However this is one of the few paediatric oncology studies suggesting the effectiveness of sevelamer in hyperphosphatemia. Hyperphosphatemia was safely and effectively controlled in all 17 patients of our study. There was a significant decrease in calcium-phosphorus product and TLS score and no TLSrelated mortality was seen.
Sevelamer hydrochloride is an effective and cheap modality to treat children with hyperphosphatemia associated with TLS in the developing world. Randomised controlled trials may confirm its role in terms of cost benefit, reducing need for dialysis and mortality, especially in resource-constraint settings.
